The PTEN gene, a candidate tumor suppressor, is localized to chromosome 10q23 and shares extensive homology with cytoskeletal proteins auxilin and tensin. A high frequency of mutations at the PTEN locus has been described in a variety of neoplasms including breast cancer. However, the role of PTEN alternations and its association with outcome variables in breast neoplasia is not well established. Design: Formalin-fixed paraffin embedded tissues from 151 women (mean age 62 years, range 26 -98) with primary diagnosis of invasive breast cancer were evaluated for PTEN protein expression by automated immunohistochemical methods. Slides were scored semi-quantitatively based on staining intensity and distribution, and results were compared with clinical pathologic parameters. The mean follow-up was 56 months (range 1-169). Results: Seventy-three (48%) of 151 breast tumors had loss of PTEN protein expression. On univariate analysis, loss of PTEN expression (P ‫؍‬ .034), stage (P < .0001), node positive (P < .0001), and tumor grade (P ‫؍‬ .002) were associated with disease-related death. Loss of PTEN expression also predicted lymph node metastasis (P < .0001), and correlated with loss of estrogen receptor staining (P ‫؍‬ .040). Loss of PTEN did not correlate with stage, tumor grade, disease recurrence, or loss of progesterone receptor [although a trend was seen (P ‫؍‬ .092). On multivariate analysis, stage (P < .0001), lymph node metastasis (P < .0001), and tumor grade (P ‫؍‬ .002) correlated with survival. Conclusion: Loss of PTEN protein expression occurs commonly in breast cancer and correlates with disease related death, lymph node metastasis, and loss of estrogen receptor staining. Our results support the
Breast cancer is the most common cancer in women, accounting for 30% of all female malignancies, and is responsible for 16% of cancer-related deaths in this group, second only to lung cancer (1) . Over the past few decades, there has been no significant decrease in incidence of this disease, and it continues to be a major cause of morbidity and mortality in the female population. This has stimulated broad public interest and research initiatives to aid in early detection and develop new therapies, specifically, agents directed at discrete cellular targets involved in regulating tumor growth and metastasis.
The PTEN gene (MMAC1-mutated in multiple advanced cancers) is a novel candidate tumor suppressor located on chromosomal band 10q23.3 (2) . PTEN/ MMAC1 encodes a dual-specificity phosphatase that has recently been reported to dephosphorylate focal adhesion kinase (FAK), which results in inhibition of cell migration, spreading, and focal adhesion formation (3, 4) . PTEN plays an important role in the modulation of the 1-phosphatidylinositol 3-kinase pathway (PI3K), which is involved in cell proliferation and survival (5) . Specifically, in breast cancer, cell line analyses have shown that PTEN appears to suppress breast cancer growth by down-regulation of PI3K, with resultant G1 arrest and cell death (6, 7) . Studies of embryonic stem cells have shown that cells featuring mutations of the PTEN gene exhibited an increased growth rate and displayed an advanced entry into S-phase (8) . The accelerated G 1 /S transition was accompanied by down-regulation of p27, a major inhibitor of G 1 cyclin-dependent kinases. Overall, the results demonstrated that PTEN regulates cell cycle progression and cell survival.
Genetic alterations at the PTEN locus had been described in a variety of neoplasms, including primary central nervous system, breast, prostate, and bladder tumors, and non-Hodgkin's lymphoma (9 -12) . Additionally, germline mutations of the PTEN gene are associated with a rare, autosomal-dominant, familial cancer syndrome known as Cowden disease, which is associated with a 25 to 50% lifetime risk of developing breast cancer. Some studies have suggested that PTEN mutations may specifically lead to breast tumorigenesis in Cowden disease; however, other investigators could not confirm this association (13) (14) (15) .
A few studies have investigated the role of PTEN in the tumorigenesis of sporadic breast cancer. These limited studies have found that PTEN gene mutations may be involved in a small subset of cases (16) . Recent investigation by Ghosh et al. suggested that PTEN acts as a transcriptional repressor, inhibits the cell-mediated survival signaling pathway, and negatively regulates human breast carcinoma cell growth (17) . The prognostic significance of PTEN protein loss in breast cancer, however, is not well established.
MATERIALS AND METHODS
Tissue blocks from the pathology archives at the Albany Medical Center were randomly selected from 151 women who underwent mastectomy or local excision for infiltrating mammary carcinoma between 1977 and 1995. The clinical records and follow-up information were also obtained where available. Hematoxylin-and eosin-stained slides were reviewed in each case to confirm the original diagnosis. Tumor stage (TNM system) and estrogen and progesterone steroid receptor hormone status (dextran charcoal competitive-binding assays and immunohistochemical measurements) were determined by review of the medical records. Tumors were graded according to the modified BloomRichardson grading system and separated into high grade (scores of 8 or 9) and non-high grade (score Ͻ 8) categories (18) . Follow-up data was available on 137 patients.
Immunohistochemistry
PTEN (monoclonal mouse anti-human PTEN [A2B1], Santa Cruz Biotech, Santa Cruz, CA) immunohistochemical staining was performed on the Ventana ES automated immunohistochemistry instrument (Ventana Medical Systems, Inc., Tucson, AZ) with an indirect biotin avidin system on 5 m formalin-fixed, paraffin-embedded sections from a representative block in each case. Tissue blocks were stored in ambient conditions in the pathology departments of both institutions 5 to 23 years before IHC procedures. All blocks were cut immediately before IHC. The slides were subsequently incubated with a biotinylated universal secondary antibody and an avidin horseradish peroxidase label (Ventana). After the development of color with diaminobenzidine substrate, the slides were counterstained with hematoxylin. Positive-control slides using prostatic adenocarcinoma with adjacent benign tissue were included with every batch. To confirm the specificity of the primary antibody, negative control slides were run using an isotypematched mouse IgG, (Sigma, St. Louis, MO) at the same concentration as that of the primary antibody. As an additional negative control, we evaluated PTEN immunostaining using the PC-3 prostate cancer cell line, and no staining was observed. The immunochemicals, incubation times, and final antibody concentration and dilutions are summarized as follows: monoclonal mouse antihuman PTEN, 32 minutes at 37°C, dilution 1:10.
Staining Interpretation
Evaluation of PTEN expression was semiquantitative, based on staining intensity and distribution. Intensity was scored as strong, moderate, or weak. Distribution was scored as diffuse (Ͻ50% tumor staining), regional (15 to 50% tumor staining), and focal (Ͻ15% tumor staining). Tumors with intense to diffuse, intense to regional, intense to focal, and moderate to diffuse staining were considered positive for PTEN expression, whereas tumors with moderate to regional, moderate to focal, or weak staining with any distribution were considered negative.
Statistical Analysis
Statistical comparisons were carried out with STATA software (Computing Resource Center, Santa Monica, CA) using the 2 test to determine the significance of the association between different variables. The comparison of PTEN expression, tumor stage, lymph node metastasis, tumor grade, disease recurrence, estrogen receptor staining (ER) status, and progesterone receptor (PR) status with each other and with survival were performed by univariate and multivariate analysis using the Cox proportional hazards model and the Kaplan-Meier test. The level of significance was set at .05.
RESULTS
There were 151 patients who ranged in age from 26 -98 years (mean, 62). Of the 137 patients with follow-up information, the mean patient follow-up was 59 months (range, 1-169). There were 59 (43%) patients who died and 78 (57%) patients who were alive at the time of the completion of the study. Thirty-two (25%) patients were stage I, 65 (50%) were stage II, 11 (9%) were stage III, and 21 (16%) were stage IV. Of the 137 patients with lymph node status data, lymph node metastasis was present in 74 (54%) of cases, whereas 63 (46%) were node negative. One hundred four (69%) of the total 151 infiltrating mammary carcinomas were ductal, and 47 (31%) were lobular. There were 25 (25%) highgrade and 75 (75%) non-high grade tumors. Four ductal carcinomas were not graded because of small tumor size. Disease recurrence occurred in 28 of 127 (22%) patients with available data. The ER and PR status was known in 89 and 78 patients, respectively. There were 64 (72%) ER-positive tumors and 48 (62%) PR-positive tumors.
PTEN Expression by Immunohistochemistry
Loss of PTEN protein expression was seen in 93 (48%) of 151 breast tumors evaluated (Fig. 1) . Loss of PTEN expression significantly correlated with disease-related death on univariate analysis (Fig. 2)   FIGURE 1. A, Breast tumor with no PTEN immunostaining (ϫ400) . B, Breast tumor with positive PTEN staining (ϫ400).
and also predicted lymph node metastasis, with 49 (60%) of lymph node-positive cases showing PTEN protein loss (P Ͻ .0001). Seventeen of 25 (68%) tumors with negative ER status also showed loss of PTEN expression (P ϭ .040). There was no significant association between loss of PR status and PTEN expression, although a trend was observed (P ϭ .092). There was no correlation between the loss of PTEN expression and stage (P ϭ .391), disease recurrence (P ϭ .542), or tumor grade (P ϭ .817). See Table 1 .
Survival Analysis
On univariate analysis, loss of PTEN expression (P ϭ .034), stage (P Ͻ .0001), node-positive status (P Ͻ .0001), and tumor grade (P ϭ .002) were all associated with disease-related death. On multivariate analysis, only stage (P Ͻ .0001), node-positive status (P ϭ .008), and tumor grade (P ϭ .002) predicted survival. See Figure 2 .
CONCLUSIONS
PTEN/MMAC-1 is a candidate tumor suppressor that appears to have a multifunctional role involved in cell proliferation, migration, and invasion (4) . Alterations at the PTEN locus have been described in numerous malignancies, and recent reports have shown a regulatory role of PTEN in growth of breast carcinoma cells (17) . Despite these findings, some studies failed to find loss of heterozygosity of PTEN in breast cancers and suggested that PTEN does not play a major role in breast tumorigenesis (19) .
We have found significant loss of PTEN protein expression (48%) in our breast cancer study group. This finding is similar to results of previous reports, including studies finding allelic loss of PTEN in 27 of 70 (39%) and 17 of 42 (40%) breast tumors, and another immunohistochemical study reporting weak or negative tumor staining in 33% of breast cancers analyzed (20 -22) . Overall, these findings indicate that PTEN alterations and protein loss are common in breast cancer.
Correlation of PTEN loss with outcome in breast neoplasia has not been well characterized in the literature, with few reports analyzing prognostic parameters. Perren et al. looked at outcome variables including tumor grade, tumor size, lymph node status, and ER/PR status. A study by Bose et al. evaluated loss of heterozygosity at 10q23 with stage, nuclear grade, DNA ploidy, and hormone receptor status. Comparisons with survival and disease recurrence were not performed in either study. Both analyses found association of PTEN loss with ER loss. Perren et al. additionally found significant association with PR loss. This finding is confirmed in our study with significant loss of PTEN expression in 17 of 25 ER-negative tumors and near-significant PTEN loss in PR-negative tumors. The underlying reason for this correlation is not clear, but PTEN expression loss appears to be linked to an aggressive ER/PR negative phenotype. We additionally report strong correlation of PTEN loss with lymph node metastasis, a finding not previously reported. Finally, of greatest significance in the present study was the association of PTEN protein loss with disease-related death, the first link of a major disease outcome variable in breast cancer with loss of expression of this tumor suppressor.
In conclusion, we have identified significant correlation of PTEN protein loss with adverse prognostic factors including steroid receptor hormonal loss, lymph node metastasis, and survival in breast cancer. These results concur with previous studies implicating PTEN as a candidate tumor suppressor in breast cancer. Further study of this gene in breast cancer patients appears warranted. 
